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Abstract  
Background: Patients with neck pain normally showed alterations in cervical motion and 
pressure pain sensitivity. Cervical joints show scattered motions opposite to (anti-directional) 
the primary motion direction (pro-directional) during dynamic cervical flexion and extension. 
This study aimed to assess dynamic cervical joint motion and pressure pain sensitivity when 
pain originated from different cervical muscles which may have clinical relevance in 
diagnosis of impairments related with neck pain. 
Methods: Fluoroscopic video recordings of cervical flexion and extension were collected from 
fifteen healthy subjects before and during hypertonic saline-induced pain in right multifidus 
and trapezius muscles. Cervical flexion and extension motions were divided into 10 epochs 
with respect to time. Pro-directional, anti-directional, and total joint motion were extracted 
across epochs as well as joint motion variability. Pressure pain thresholds (PPTs) were 
assessed bilaterally over C2/C3 and C5/C6 facet joints. 
Findings: Compared with baseline: 1) Multifidus muscle pain increased the C3/C4 anti-
directional motion (P<0.01), decreased the C6/C7 anti-directional motion (P<0.05) during 
extension, and redistributed total joint motion between joints and between half ranges during 
flexion (P<0.05). 2) Trapezius muscle pain decreased pro-directional motion (P<0.05), anti-
directional motion (P<0.05), and joint motion variability (P<0.05) during extension. 3) 
Trapezius and multifidus muscle pain increased the PPTs bilaterally over C2/C3 and on the 
left side of C5/C6 facet joints (P<0.05). 
Interpretation: The direction of motion influenced the effects of experimental muscle pain on 
dynamic cervical joint kinematics, and deep muscle pain showed local effects on individual 
joints while superficial muscle pain showed global effects spread to all joints. 
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1. INTRODUCTION 
Neck pain is a worldwide disease with a mean of 37.2% one-year prevalence and ranked 
the fourth in leading causes of global disability
1, 2
. The underlying causes for neck pain are 
not clear and the majority of patients with neck pain is classified as non-specific neck pain 
without a clear etiology
4
. Therefore, neck pain is often described by subjective signs and 
symptoms. However, objective measures of neck pain has been used in previous studies such 
as reduced range of motion, decreased cervical muscle strength, lower movement velocity, 
increased neck reposition error, altered cervical joint motion and altered pressure pain 
sensitivity
5-11
.  
Video fluoroscopy methods which could capture moving X-ray videos allows objective 
measurement of the motion of each cervical joint, and recently new evidence have been 
published on the variation of healthy cervical joint motion
12-14
. Patients with neck pain 
normally show altered cervical joint motion and altered pressure pain sensitivity of the neck
6, 8, 
15
. Christensen et al assessed pressure pain sensitivity in neck pain patients before and after 
arm movements
16
. The understanding of links between joint motion and pressure pain 
sensitivity remain unclear. However, pressure pain thresholds (PPTs) through algometry does 
allow for objective assessment of pain sensitivity of structure overlaying cervical joints, and 
PPTs provide a method to examine pain sensitivity of tissues close to the cervical joints
17
. 
PPTs over bilateral C2/ 3 and C5/C6 facet joints were demonstrated to be different between 
subgroups of patients with neck pain 
8, 15
. 
Individual cervical joint motion has been reported to be more important compared with total 
range of motion (ROM) in diagnosis and decision of surgery and postoperative assessments 
11, 
18, 19
. Anatomy dictates a difference in deep and superficial cervical muscles ability to 
influence single joint motion, as only the deep muscles such as the multifidus can directly 
control the motion of a single joint 
20
. These anatomy evidence suggest that muscle 
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contraction as a result of pain in deep muscles would have local effects on the motion of 
cervical joints near to the site of pain, while pain in superficial cervical muscles may have a 
more global effects on motion of the multiple joint, which is between origin and insertion of 
the superficial muscles
21
.    Traditional imaging examination of cervical joint kinematics in 
sagittal plane are based on static end-range radiographs of cervical flexion and extension 
movements, this imaging is severely limited measuring real time joint motion
22
.  Quantitative 
video-fluoroscopy could capture moving X-ray videos of dynamic neck movement23and 
provides further insight and more details of cervical joint motion, which cannot be seen via 
visual inspections 
12-14, 24
. Previous studies showed that individual cervical joint moved 
reversely to the primary motion direction during cervical flexion and extension in healthy 
subjects
14
. Joint motion opposite to the primary motion direction is defined as anti-directional 
motion and joint motion along with the primary motion direction is defined as pro-directional 
motion, the anti-directional motion is 40% of the pro-directional motion 
14
. Changes in pro-
directional motion and anti-directional motion under gravitational forces may reflect the fine 
neuromuscular control of individual joints related to a source of pain. 
Experimental pain models provide the possibility to investigate pain from different cervical 
muscles on cervical motion and pressure pain sensitivity within subjects
34
. Therefore, the aim 
of the study was to investigate effects of experimental superficial (right trapezius) and deep 
(right multifidus) muscle pain on dynamic joint kinematics during flexion and extension and 
on PPTs over bilateral C2/C3 and C5/C6 facet joints. It was hypothesized that 1) experimental 
trapezius muscle pain will show global effect and experimental multifidus muscle pain will 
show local effect on dynamic joint kinematics, 2) PPTs over bilateral C2/C3 and C5/C6 facet 
joints will increase during superficial cervical experimental muscle pain but decrease during 
deep cervical experimental muscle pain. 
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2. METHODS 
2.1 Subject 
    Fifteen healthy subjects without neck pain for the last 3 months were included (6 females) 
with mean age was 25.1 (SD 4.7) years, mean height was 172.7 cm (SD 11.6) and mean 
weight 70.0 kg (SD 13.6). Subjects were excluded if they had: (1) Cervical trauma or surgery, 
(2) Cervical musculoskeletal diseases, (3) Psychosocial profile that would affect 
responsiveness to pain, (4) inability to cooperate and (5) Possibility of pregnancy. The study 
was conducted according to the Declaration of Helsinki and approved by the local ethics 
committee (N20140004). All subjects provided written, informed consent after the study was 
explained. 
 
2.2 Experimental protocol 
    The repeated-measures design was used that subjects attended two sessions separated by at 
least seven days. In the first session, either multifidus or trapezius muscle was randomly 
selected for injection of hypertonic sa-line to induce experimental neck pain. PPTs and 
cervical movements (cervical flexion and extension from the self-determined neutral position 
to the maximal end-range position) were assessed before and after injection. Pain intensity, 
pain duration and pain distribution was recorded after injections. In the second session, the 
same procedure was repeated with hypertonic saline injected in the previous non-injected 
muscle. The cervical flexion and extension records were performed after injections whenever 
the pain intensity was scored at least 3 cm on a 10-cm visual analogue scale (VAS) with “no 
pain” at 0 cm and “worst pain imaginable” at 10 cm. 
 
2.3 Experimental muscle pain 
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    The hypertonic saline-induce muscle pain model has been used extensively to investigate 
sensory and motor alterations associated with pain in previous studies for it comparably 
mimics clinical muscle pain without cofounding factor usually found in chronic neck pain 
patients 
35
. The experimental pain was induced by injecting a 0.5 ml bolus of sterile 
hypertonic saline (5.8%) in right cervical multifidus and right trapezius muscle with a 
randomized order across the two sessions. The right multifidus muscle was injected in the 
deepest layer at C4 level, which originates from the articular pillar of C5/C6 junction and 
inserts on the laminae of C3
36
. The right trapezius muscle was injected at the midpoint 
between the spinous process of C7 and the acromion
37
. All injections were ultrasound 
guided
38
. 
The pain intensity was assessed on VAS. every minute after injections until the pain 
disappeared. The peak VAS score was extracted for analysis. The pain duration was 
calculated from the onset to the disappearance of the pain. Pain distribution was drawn on a 
body chart at the end of each session and were extracted (VistaMetrix v.1.38.0; SkillCrest, 
LLC, Tucson, AZ, USA) in arbitrary units (a.u.). 
 
2.4 Pressure pain thresholds 
    Subjects lie on their stomach in a bed and totally relaxed the neck. The PPTs were 
measured bilaterally above C2/C3 and C5/C6 cervical facet joints
15, 39
 by using a pressure 
algometer (Algometer, Somedic Production AB, Sollentuna, Sweden) with a round rubber tip 
(contact area 1 cm
2
). The pressure was delivered at a constant rate of 30kPa/s during 
measurements. Subjects were instructed to press a handheld button exactly at the moment 
when the pressure sensation became painful. Measurement at each site was repeated three 
times and the average of the three repetitions was used for further analysis. 
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2.5 Fluoroscopic recordings and extraction of kinematic data 
The study applied a method described previously (more details are in supplementary material) 
12-14
. Video-fluoroscopy (Philips BV Libra, 2006, Netherland) was used to record videos of 
cervical flexion and extension (Fig. 1A). A custom Matlab (2015b) program was used to 
digitalize the images (frame-by-frame) obtained from the fluoroscopic videos. The program 
incorporated the approach of identifying the vertebral corners as landmarks developed by 
Frobin et al.
40
 in addition to the external markers attached to the glasses, which were used to 
represent the occipital condyles (Fig. 1B). The reproducibility of the marking procedure has 
been published with good reliability and low average marking errors 
41
. The markers of each 
cervical vertebra (C0-C7) were used to calculate vertebrae mid-planes. Joint angle was 
defined as the angle between two adjacent mid-planes and joint angles were positive during 
extension and negative during flexion. Joint motion was defined as angle difference of the 
same joint between different time points during neck movements (Fig.1C). Joint motion 
opposite to the primary motion direction was defined as anti-directional motion, while joint 
motion along with the primary motion direction was defined as pro-directional motion.  
Example of data extraction procedure was shown in Fig1D. The first and last frame of each 
flexion and extension motion were visually identified in videos to find the total number of 
frames. Eleven images in evenly divided intervals from the first frame to the last frame were 
selected. The eleven images separated each cervical flexion and extension motion into 10 
epochs.. Joint motion during each epoch was obtained after marked the images, which 
includes both anti- and pro-directional motion. The sums of pro-directional and anti-
directional motion  across 10 epochs of individual cervical joint were extracted. Total joint 
motion is the sum of anti- and pro-directional motion. Joint motion variability was extracted 
by calculating the variance of joints motions across 10 epochs. Furthermore, the total joint 
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motion during the first half range (first 5 epochs) and the second half range (second 5 epochs) 
of flexion and extension motion were extracted. 
 
2.6 Statistics 
    Mean and standard deviation (SD) were present in text, while mean and standard error (SE) 
were present in figures. Statistical analysis was performed in SPSS (IBM Statistics 24). 
Before statistical comparison, all data were tested for normal distribution by the Kolmogorov-
Smirnov test, and the homogeneity of variance between paired conditions was tested by 
Mauchly's test. The normality and homogeneity were confirmed.  
    To assess if pain from deep and superficial cervical extensor show different pain characters, 
the pain distribution, peak VAS score and pain duration were compared between multifidus 
and trapezius muscle pain by paired t-test.  
    To assess if pain from deep and superficial cervical extensor show different effects on 
dynamic cervical joint kinematics, pro-directional motion, anti-directional motion, joint 
motion and joint motion variability across 10 epochs of individual cervical joint motion were 
analyzed separately for trapezius and multifidus muscle during cervical flexion and extension 
by two-way repeated-measures analysis of variance (RM-ANOVA) with factors: Joint (C0/C1, 
C2/C3, C3/C4, C4/C5, C5/C6 and C6/C7) and Time (before pain, during pain). Additionally, 
total joint motion during half ranges of flexion and extension motion were analyzed separately 
before and during trapezius and multifidus muscle pain by three-way RM-ANOVA with 
factors: Joint (C0/C1, C2/C3, C3/C4, C4/C5, C5/C6 and C6/C7), Time (before pain, during 
pain) and Range (first half, second half).  
    To assess if pain from deep and superficial cervical extensor show different effects on PPTs 
over bilateral C2/C3 and C5/C6 cervical facet joints, PPTs were analyzed separately for 
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trapezius and multifidus muscle by two-way RM-ANOVA with factors: Measurement site 
(right C2/C3, left C2/C3, right C5/C6 and left C5/C6) and Time (before pain, during pain).  
    All ANOVAs were corrected for family-wise error. If the significance remained, post hoc 
was performed with Bonferroni correction for multilevel comparison when appropriate. P-
values < 0.05 were considered as significant.  
 
3. RESULTS 
3.1 Pain intensity, duration and distribution 
Multifidus and trapezius muscle pain showed non-significant difference in the pain 
distribution (Fig. 2A and Fig. 2B, Multifidus: 1.97 a.u. (SD 2.15), Trapezius: 1.10 a.u. (SD 
0.86), t (14) = 1.58, P = 0.137), the peak VAS score (Fig. 2C, Multifidus: 6.1 cm (SD 2.1), 
Trapezius: 5.5 cm (SD 2.2), t (14) = -2.09, P = 0.055) and the pain duration (Fig. 2C, 
Multifidus: 8.3 mins (SD 1.7), Trapezius: 7.9 mins (SD 2.3), t (14) = -1.07, P = 0.30). 
 
3.2 Pressure pain thresholds 
The PPTs results before and during trapezius and multifidus muscle pain was presented in 
Fig. 3. One subject was excluded due to incomplete data. Main effect of time was significant 
before and during trapezius muscle pain (Fig. 2D, F (1,13) = 7.647, P = 0.032). Post hoc 
analysis showed PPTs were higher during pain condition than before pain condition (during 
pain: 298 kPa (SD 22.7), before pain: 260 kPa (SD 20.5)). 
Significant interaction of Measure site and Time was found before and during multifidus 
muscle pain condition (Fig. 2E, F (3,39) = 4.496, P = 0.016). Post hoc analysis showed PPTs 
over bilateral C2/C3 facet joints (Bonferroni: Right: P = 0.035, Left: P = 0.010) and over left 
C5/C6 facet joint (Bonferroni: P = 0.010) were higher during pain condition than before pain 
condition.  
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3.3 Pro-directional motion and anti-directional motion 
Pro-directional motion and anti-directional motion before and during multifidus muscle 
pain are shown in Fig. 3. Significant interaction between Joint and Time was found in anti-
directional motion of cervical extension (F (6,84) = 4.386, P = 0.008). Post hoc analysis 
revealed that the C3/C4 anti-directional motion increased 1.7 degrees (SD 1.8) (Bonferroni: P 
= 0.002) and C6/C7 anti-directional motion decreased 1.8 degrees (SD 2.4) (Bonferroni: P = 
0.012) compared to before pain condition.  
Pro-directional motion and anti-directional motion before and during trapezius muscle pain 
are shown in Fig. 4. Main effect of Time was found in pro-directional motion (F (6,84) = 
14.410, P = 0.016) and anti-directional motion (F (6,84) = 10.463, P = 0.048) of cervical 
extension. Post hoc analysis revealed that pro-directional motion decreased 6.7 degrees (SD 
6.8) and anti-directional motion decreased 6.1 degrees (SD 7.3) compared to before pain 
condition.  
 
3.4 Total joint motion 
The two-way RM-ANOVA analysis does not provide any main effect or interaction effect. 
No significant difference was found for any total joint motion before and during trapezius and 
multifidus muscle pain (Supplementary Fig. 1). 
 
3.5 Total joint motion during half ranges of flexion and extension 
The total joint motion during half ranges of flexion and extension before and during pain 
was shown in Fig. 5. Significant interaction effect between Joint, Time and Epoch was found 
in cervical flexion before and during multifidus muscle pain (F (6,84) = 4.186, P = 0.004). Post 
hoc analysis revealed that multifidus muscle pain decreased the C3/C4 motion (Bonferroni: P 
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= 0.003) and C5/C6 motion (Bonferroni: P = 0.004) during first half range of flexion 
compared to before pain condition, and multifidus muscle pain increased the C1/C2 motion 
(Bonferroni: P = 0.038) and C3/C4 motion (Bonferroni: P = 0.042), but decreased C2/C3 
motion (Bonferroni: P = 0.007) during second half of flexion compared to before pain 
condition.  
  
3.6 Joint motion variability  
    Main effect of Time was found in cervical extension before and during trapezius muscle 
pain (F (6,84) = 13.233, P = 0.012). Post hoc analysis revealed that joint motion variability 
decreased during pain compared to before pain condition (Fig. 6).  
 
4. Discussion 
The results showed that experimental muscle pain had a varied effect on cervical joint 
motion, and the origin of pain and the direction of neck motion contributed to the variation. 
The variation included 1) altered proportions of anti-directional and pro-directional motion 
during an image sequence of a single joint; 2) redistributed motion of single joint between 
half ranges during cervical motion; and 3) redistributed the motion between multiple joints. 
The effects were only found when the painful muscles were agonist muscles for the overall 
pro-directional motion of the neck (i.e. extension), and the effects were often found in the 
anti-directional motion contributions. 
The results confirmed our hypothesis that experimental trapezius muscle pain showed 
global effect on dynamic joint kinematics by decreasing pro-directional motion (on average 
6.7 degrees), anti-directional motion (on average 6.1 degrees) and joint motion variability 
during cervical extension. Experimental multifidus muscle pain showed local effects indicated 
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as increased C3/4 anti-directional motion (on average 1.7 degrees) and decreased C6/C7 anti-
directional motion (on average 1.8 degrees) during cervical extension.  
The hypothesis of increased PPTs was not confirmed, as experimental trapezius and 
multifidus muscle pain increased the PPTs over bilateral C2/C3 and C5/C6 facet joints, except 
for the right C5/C6 facet joint. The right C5/C6 facet joint was near to the multifidus injection 
site. 
 
4.1 Pain intensity, duration and distribution 
    The pain intensity, pain duration and pain distribution were not different between 
experimental multifidus and experimental trapezius muscle pain. This result is different from 
previous study with experimental low back pain in healthy subjects, where the deep low back 
muscles demonstrated higher pain intensity compared to superficial low back muscles
33
. The 
opposite finding may be explained by the intrinsic anatomical differences between neck 
region and low back region, that tissues of the neck region are more sensitive compared to the 
tissues of the low back region
42
. Furthermore, the difference in density and sensitivity of 
nociceptive afferents between deep and superficial cervical muscles may not be large enough 
to show significant difference in pain intensity
43
. 
Pain evoked in the right trapezius muscle resulted in a unilateral and right distribution of 
neck pain
37, 44
. The experimental pain in the right multifidus muscle distributed unilaterally to 
the right anterolateral neck and to the right shoulder. Different density of nerve innervations 
in these two muscles and different injection sites may explain the difference in pain 
distribution between multifidus and trapezius muscle pain
45
. 
 
4.2 Pressure pain sensitivity  
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    Trapezius and multifidus muscle pain showed increased PPTs over cervical facet joints. 
This result is in concordance with previous experimental pain studies that reduced response to 
painful stimuli was found at areas distant to the primary site of pain
46, 47
. However, the finding 
from multifidus muscle pain is opposite to previous studies showing that experimental pain in 
deep tissues decreased PPTs at areas distant to the primary site of pain 
31, 32
. These differences 
may be explained by diverse stimulated tissues and the time between tonic painful stimuli and 
assessment of PPTs in studies 
31, 44
. Descending hypoalgesia is normally not found locally to 
the induced pain site
48
. Anatomically, injection site of the right multifidus muscle is closer to 
right C5/C6 facet joint than the trapezius muscle
36
, which may explain not increased PPTs 
over right C5/C6 facet joint during the multifidus pain. 
 
4.3 Dynamic joint kinematics 
    The pro- and anti-directional motions reflect the fine neuromuscular control on individual 
cervical joints
14
. Larger pro- and anti-directional motion excursions indicate the movement of 
cervical joint is more fluctuant during cervical flexion and extension and vice versa
14
. 
Cervical joint motion patterns are characterized by alterations in pro- and anti-directional 
motion
14
. 
Experimental pain from deep and superficial muscle showed different effects on cervical 
joint motion. Deep multifidus muscle pain during cervical extension demonstrated a local 
effect with increased C3/4 anti-directional motion and decrease C6/C7 anti-directional motion. 
The right multifidus muscle overlies the right C3/C4 facet joint
36
, and this may explain the 
less control on joint C3/C4 during pain. The redistribution of anti-directional motion could be 
explained by compensatory mechanisms between cervical joints, where decreased motion at 
one joint could be compensated by other joints
18
. These short-term local adaptive strategies 
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are assumed to protect the cervical spine from further damage, while the long-term influence 
of pain remains unclear
49
. 
Superficial trapezius muscle pain globally decreased pro-directional motion, anti-
directional motion and joint motion variability during cervical extension compared with 
before pain conditions. Although the anatomy of the trapezius muscle does not allow for 
control of single joints, pain in the superficial trapezius showed changes, which appears to 
arise from motor control of single joints. This result implies that pain in trapezius alter muscle 
activity of other deeper muscles, which can control single joints. 
No alterations of pro- and/or anti-directional motion were found during cervical flexion. 
Both trapezius and multifidus muscle are extensors, and the result implied that the effect on 
joint motion of muscular pain may be more profound, when the muscles work as agonist
50
. 
Alternatively, anatomical difference between anterior and posterior osseous, muscular and 
ligament structures under the influence of gravity may account for different motion findings 
between cervical flexion and extension
51
. The results agree with previous studies, which 
showed that neck pain affected cervical motion differently between flexion and extension
52
. 
Individual joint motion did not change significantly between before pain and during pain 
from trapezius and multifidus muscles. However, multifidus muscle pain redistributed motion 
between first and second half range of joint motion during cervical flexion. This study 
indicates that dynamic joint kinematics from real-time videos are more sensitive to detect 
effects of pain compared with joint motion measured from images with static upright and end 
positions
53, 54
.  
 
4.4. Clinical and scientific implications 
    This study highlights the value of dynamic joint kinematics in detecting altered cervical 
joint motion in healthy subjects when experimental pain was induced in deep and superficial 
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cervical muscles.  The study provides new background for the clinical value of training of 
deep and superficial neck muscles, and the study suggest that deep spinal stability is an 
integrated part of dynamic movement
29
. 
    The results suggest that pain from cervical muscles has a varied effect on single joint 
motion. Yet, is pain in clinical examination often perceived to have similar effect on joint 
motion instead of dissimilar effects. The clinical examination commits only descriptive 
attention to, the direction in which the patients are moved during examinations. This study 
suggests that many studies of neck motion such as the effects of surgical disc replacement on 
cervical motion may be confounded, as exclusion and inclusion criteria does not control for 
dissimilar effect of pain on joint motion. 
4.5 Limitation 
There are several limitations to the current study. First, the measurement error was a large 
source of errors in the present study. However, the reproducibility of the marking procedure 
has been published with good reliability and low average marking errors 
41
. Second, pain 
effects on cervical joint motion and PPTs was investigated in cervical extensors instead of 
cervical flexor. Since the aim is to compare pain effects between two comparable deep and 
superficial agonist/antagonist muscles, the injection of deep cervical flexors was considered at 
potential risk. Third, the present study only investigated dynamic joint kinematics during 
cervical flexion and extension in the sagittal plane, while cervical joint motions in frontal and 
transversal planes may provide more information, which needs further researches. 
4.6 Further perspectives 
Cervical spine is a complex structure which includes many muscles, ligaments, bones and 
discs etc. Further studies may focus on how pain from cervical flexors, ligaments or other 
cervical structures affect dynamic joint kinematics and PPTs. The present results are from 
experimental pain in healthy subjects, which cannot directly apply to patients with neck pain. 
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Therefore, further studies are required to investigate dynamic joint kinematics and PPTs in 
different subgroups of patients with neck pain, for instance, acute neck pain, chronic neck 
pain, whiplash and non-specific neck pain etc.  
 
 
5. Conclusion 
    The origin of pain and the direction of neck movement influenced the effects of 
experimental pain on neck motion, and the effects varied from no significant effects to a 
redistribution of joint motion within and between joints. Experimental pain in the deep 
multifidus muscle showed local effects while superficial trapezius muscle pain showed global 
effects on dynamic joint kinematics. Similar pain intensities from different cervical muscles 
appears to alter pressure pain sensitivity in the neck. The study provides new background for 
the clinical understanding of the value of training of deep and superficial neck muscles, and 
the study suggest that deep spinal stability is an integrated part of dynamic movement. 
Therefore, investigation of dynamic joint kinematics and pressure pain sensitivities may 
improve diagnosis and treatment of neck pain. 
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Fig.1. The setup of video-fluoroscopy to capture neck movements, the software and the 
algorithm to extract data of joint motions. A: Experimental chair between X-ray transmitter and 
screen, straps were used to lower shoulders and restrict the trunk movement. B: Illustration of 
markers on each cervical vertebra. C: Cervical vertebrae at two time points during cervical 
extension. β and β1 are joint angle of C4/C5. Joint motion of C4/C5 = β – β1. D: Example of 
data extraction of C4/C5 joint motion from fluoroscopy videos of cervical flexion and 
extension. Eleven images (No.1, No.2, ... No.11) in evenly divided intervals (1/10 total 
frames) separate the motion into 10 even epochs. Joint motion during epochs includes 
both anti- and pro-directional motions. TF: total frames. ME: motion during epochs. 
Anti: anti-directional motion. Pro: pro-directional motion. 
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Fig.2. Pain distribution of 0.5 ml hypertonic saline (5.8%) in right multifidus (Mul) muscle at C4 
level (A) and right upper trapezius (Tra) muscle (B). Low transparency in color indicates the area is 
less frequently marked by the subjects. C: Pain intensity over time followed injections of hypertonic 
saline in trapezius and multifidus muscles. Mean and SE of pressure pain thresholds above bilateral 
C2/C3 and C5/C6 facet joints before and during trapezius (D) and multifidus (E) muscle pain. 
Significant differences during pain compared with before pain: * P < 0.05. 
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Fig.3. Mean and SE of pro-directional motion and anti-directional motion of cervical flexion and 
extension before and during multifidus muscle pain. A: Pro-directional motion during cervical flexion; B: 
Anti-directional motion during cervical flexion; C: Pro-directional motion during cervical extension; D: 
Anti-directional motion during cervical extension. Significant differences during pain compared with 
before pain: * P < 0.05. 
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Fig.4. Mean and SE of pro-directional motion and anti-directional motion of cervical flexion and 
extension before and during trapezius muscle pain. A: Pro-directional motion during cervical flexion; 
B: Anti-directional motion during cervical flexion; C: Pro-directional motion during cervical 
extension; D: Anti-directional motion during cervical extension. Significant differences during pain 
compared with before pain: * P < 0.05. 
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Fig.5. Joint motion during half ranges (first half, second half) of cervical flexion and extension before 
(Bef) and during (Dur) multifidus and trapezius muscle pain. A: Flexion before and during the multifidus 
muscle pain; B: Flexion before and during the trapezius muscle pain; C: Extension before and during the 
multifidus muscle pain; D: Extension before and during the trapezius muscle pain. Significant differences 
during first half (* P<0.05) and during second half (# P<0.05) are illustrated. 
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Fig.6. Mean and SE of joint motion variability of cervical flexion and extension before and during 
multifidus and trapezius muscle pain. A: Flexion before and during the multifidus muscle pain; B: Flexion 
before and during the trapezius muscle pain; C: Extension before and during the multifidus muscle pain; D: 
Extension before and during the trapezius muscle pain. Significant differences during pain compared with 
before pain: * P < 0.05. 
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Highlights:  
  Movement direction influenced cervical muscle pain effect on cervical joint motion 
  Deep and superficial muscle pain has different effect on cervical joint motion 
  Deep muscle pain affected individual joint motion during cervical extension 
  Superficial muscle pain affected motion of the entire neck during cervical extension 
  Deep and superficial muscle pain decreased pressure pain sensitivity in the neck 
ACCEPTED MANUSCRIPT
